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Substitute the entire Table 1 given below for the Table 1 now printed
on this page:

TABLE 1. DESCRIPTION OF TEST LUBRICANTS

Oil COO. NOW-TPJ K044/eg,,do

0.60.8 16.1 4.2 0.1s O41L.'L.7908 iK typo
0.60.28 £1.1 3.2 0.19 MIL.L.7808 It
0.61.11 15.7 4.1 0.39 MIL.L.76011 V
0-6z 3 5.'s 3.6 0. 0z MIL1.L7S01 r
0:62.4 15.0 3.9 01 I..88Ktp

0.6Z .
6  17.5 4.7 0.24 MbL-L.L.7401 Z

0:6z.7 17.4 4.2 0.01 *MIL..L.7006 tYP*
06-3 16.0 4.3 0.35s MJL1.L..?08 t

0.6z.16 114.. 4.4 0.2 uz IL-L.78101 K
0-631 17.5 4.6 0.23 OWL- L-760'itypo
0:6)34 l6.)3 4.3 0.3 z 142L..i-7WJ8 typo
0-63.) 15.3 4.1 0.3Z4 OJIL.L.7806type

0-63.7 £2.8 3.4 0.10 MSL.L-7908 type
0.63.5 13.8 i.s 0.15s *MSIL.7808 K type
0.63-12 25.5 3.9 0.33 MIL-L..7900 type
0.63-13 16.9 4,4 0.05 14L.ýL.7608 type
0-63.16 16.s 4.3 0.39 MIL.L.7308 K
0.64-Z Z7.5 s S1 0,07 1611.1..23699
0:64.23 13.8 3.5 0.35 UmiL.ýL.7808
0.64.13 211.4 5.3 0.38 M5L.L-23699tp
0:64:1,6 13.1 3.3 0.11 MWL.L..1800 0
0.64.58 16. a 403 0. A1 *MILL-71008 Z
0.64.31 1S.6 1.6 0.07 MIL.L-71106 type
0.64.3Z 18.3 4,1 0.11 MSL.L-7806 type
0.64.35 28.8 5,4 0.0 5ESL..L.33699
0-64426 1Z.5 3.1 0.33 MIL.L.7808 type
0.65.1 14.9 3.s 0.01 MIL..L-7806 type
0.65-3 13.3 3.2 0.64 MIL-L-7806type
0.65.3 11.0 4.5 0.3Z4 1.4L.I.78011 type
0.65.4 27.9 5.1 0.55 M IE-L- 233499 type
0.6s.1 19.4 4.0 0.25 MIL..L.?108 type
0.6s.6 19.5 4.1 0.01 XIL.L.?806 type
0.45.14 £77 47 0.34 *IOLL.7808 type

0.65.15 27.3Z 5.0 0.02 ML.-34
0.65.16 Z6.7 5.1 0.30 "MIL.L-23399
00.65.8 17.4 4.4 0.21 841 L.L- 7804 type
0.6s.19 17.7 4.7 0.35 M3L.L.1808 type
0.6s.11 is.) . 00 MIL..L-806 type

04S-23 £3.6 3.2 0.30 841L.L.?S01 styp
0.4S.14 15.3 ).7 0.1s Utl.L-71101yp
0.65437 25.j 4,0 0.346 M~ .. L.7800 type
0-65.111 £3.9 3.3 0.S0 IULL-7*00 type
0.45.31 13.4 3.2 0.08 mIL.L..08U type
65.L-114 13.5 3.5 0.20 MII...L1808 9
(3.L..15 14.3 1.6 0.09 IL.L*?06 X
65. L. 116 16.8 4.3 0.21 MIL.L.118W
1:11003J 14.8 3.0 0.10 B&1*" of 65-.4..14. .115 IsO .211

J)aOS £8.5 4.3 0.25 Bleow. 043.4. on 0.42.6
1:11011(:) 38.4 S.4 0.54 Bslee bf 0.644.3 and0.".211
jI nota 1 37.9 $.3 0.17 Bl1eed 84 0644.1 sad 0.644.3
if-tellMt 10.1 5.2 0.04 11100W 04 V'-.54. WW 0.44.25
3.1024(41 38.2 5.3 0.13 18 Blfe .0-442. 0-4.13, sod 0.64435

Is) Stleed Consist ef "us]) Part$ volume of the Wiadwme ceeetltueee.

* eocrtp~taio cthsged from tbot #en oe I. rlitinaa rePort.
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ABSTRACT

Oxidation-corrosion test data are presented for 46 lubricants, 40 MIL-
L-7808 type lubricants and six MIL-L-23699 type lubricants, evaluated at one
or more temperatures within the range of 350 to 400'F. In addition, the com-
patibility of selected lubricants when blended with lubricants of the saine gen-
eral class was evaluated. The test conditions which were varied were tempera-
ture and the use of reflux and ronreflux glassware configurations. Relatively
mild oxidi,.,e degradation occurred at 350 and 375*F test conditions. Using
an arbitrary rating point of 100 perce:it viscosity increase (100°F) as the max-
imum viscosity increase allowable foi satisfactory performance, 23 of the 37
lubricants evaluated at 3850F were sati.factory using the nonreflux test pro-
cedure. Sixteen of the 29 lubricants evaluated at 390°F were satisfactory and
only four of the 16 evaluated at 400*F provided satisfactory performance. The
effect of condensate return at 385°F revealed that the majority of lubricants
evaluated were unaffected.
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SE CTION I

INTRODUCTION

Thir, report summarizes a selected portion of the work performed at
Southwest Research Institute in the period of February 1, 1965, through
September 1, 1965, under Contract AF 33(615)-2384, entitled "Lubrication
Research for Aero Propulsion Systems. " The objectives of this broad pro-
gram are the development or refinement of lubricant evaluation techniques
for aero propulsion systems, and the evaluation of candidate lubricants and
lubrication techniques. This report is concerned with only one phase of the
overall effort: the oxidation-corrosion characteristics of selected lubricants
and lubricant blends in the temperature regime of 350 to 400*F. Work per-
formed under other phases has been dealt with in one previous report* andwill
be presented in other future reports.

The oxidation-corrosion characteristics of 46 lubricants and six lubri-
cant blends were determined by means of a 48-hour glassware-type test,
using a thermostated oil bath. These lubricants, all of MIL-L-7808 and

MIL-L-23699 types, were svlected and provided by the Air Force Aero
Propulsion Laboratory.

"*Lubrication Research for Aero Propulsion Systems, Phase Report No. I,
Bearing Support Deposits Program, AFAPL Technical Report 65-118,
October 1965.



SECTION II

TEST APPýARATUS AND PROCEDURES

A. Test Glassware

The test sample tubes are constructed of s;tandard wall 51--mm Pyrex

tubing with a round bottom. A standard taper 71/60 outer joint is provided at

the tube top. Overall tube length is 450 k 10 mm, and the tube immersion

depth within the oil-bath is 225 * 10 mm.

The test tube head is constructed with a standard taper 71/60 ground-

glass joint on the lower end which mates with the test cell joint. The upper
surface of the head is formed in a dome-shaped contour. Attached to this

surface are three female, ground-glass joints. A 10/30 joint is centrally

located to accommodate the air tube. A second 10/30 joint, slightly offset

from center, provides for te:nperature measurements and intermediate

sampling. Offset and at a 9f." position from the sampling port, a 24/40 joint

is attached to relieve effluent vapors. Using the condensate return procedure,

a 300-mm water-cooled Allihn condenser is directly attached to the latter

joint. The nonreflux test procedure employs a connecting arm, with a 15"

downward slant, between the 24/40 joint and an overboard condenser. For

this work, a Z00-mm water-cooled Graham condenser was used.

Ana air delivery tube of standard 6-mm Pyrex tubing, approximately

600 mm in length, is fix.ed in the upper end of the head by means of a one-hole

cork. The tip of the air tube is cut at a 45* angle and rests dircctly on the
bottom of the sample tube. A small glass collar of sufficient size to hold the

metal specimens is located 15 mm from the tip of the air tulie. The bottom

metal specimen rests directly on this collar, and succeeding specimens are

separated by glass spacers 6-mm wide, cut from standard 9-mm Pyrex
tubing.

B. Heating Bath

A stirred, thermostated oil bath was employed as the test glassware
heat medium. The unit is operated within a fume hood to avoid toxic vapors.

As illustrated in Figure 1, the enclosed bath is raised above bench level to
allow for operation using overboard condensers for the collection of condens-
able vapors. The bath will accommodate a maximum of six saxnple tubes

using either a nonreflux glassware configuration (Fig. I) or a reflux con-
figuration in which the vapor condensers are attached directly above the

sample tubes. Tube immersion depth is such that the sample level is approxi-
mately 125 mm below the bath level at test temperature.

Temperature control of the oil bath is provided by four 600-watt

immersion heaters, one of which is controlled by an adjustable thermoswitch.

2
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FIGURE 1. OXIDATION-CORROSION TEST APPARATUS
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in operation, the continuously-on heater elements are adjusted for optimum
cornt:,•, "-" means of a variable transformer.

C. Air Supply System

A precision air regulator is used to provide a constant air pressure
to individual fine-thread needle valves from the laboratory air line. The air
is passed through a 4-in. glass-pipe drying column, containing a calcium
sulfate drier, thence to a manifold before reaching the individual test tube
control valves and flowmeter3. Each of the six air flowmeters was calibrated
b½ means of a wet test meter in order to provide accurate Measurement of the
air flow rate.

D. Metal Test Specimens

The metal corrosion specimens are of the round washer type with
dimensions 3/4-in. OD and 1/4-in. ID by 0. 032-in. thickness. The following
material designations apply to the metals which were used:

Aluminum QQ-A-250/4b, temper T-3 or T-4

Silver Electrolytic grade, 99. 9%

Copper QQ- C- 576b

Mild steel QQ-S-698, grade 1009, cold rolled,
temper No. 4 or 5

Magnesium QQ-M-44a (AZ31B)

Titanium MIL-T-009046 B (ASG), Class I

As previously noted, the specimens are stacked directly on the air tube,
separated by 1/4-in. glass spacers. The metals are arranged in the order
given above with aluminum in the lowest position.

E. Test Procedures

In evaluating the oxidation-corrosion properties of the submitted lubri-
cants, only two test conditions were varied: sample temperature and the use
of condensate return. In the initial stages of work, lubricant performance
was determined at several temperatures (350, 375, 385, 390, and 4000F) in
order to select that temperature which would result in a reasonable degrada-
tion level. Subsequent tests were generally limited to evaluation at 385 and/or
3900F. All temperatures cited herein refer to sample operating temperature,
not bath temperature which is normally Z to 3*F higher than the sample temper-
ature.
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The normal test duration was 48 hours with intermediate sampling
(20 ml) at 16, 24, and 40 holirs. In some instances, due to severe oil loss
or deterioratior, the run was terminated at an intermediate sample time. No
makeup oil was added for the samples drawn or the oil losses.

The initial sample charge was Z00 ml. Test air flow rate was 130
liters/hour dry air. A six-metal corrosion specimen group was used con-
sisting of aluminum, silver, copper. mild steel, magnesium, and titanium.

All lubricant samples were analyzed to determine kinematic viscosity
at 100 and 210'F, and neutralization number. In evaluations using the non-
refLux apparatus, the overhead fluid was analyzed for 100°F viscosity and
neutralization number. Metal specimen attack was determined by weight dif-
erence. in addition, the coupons were examined at a ZOX microscope magni-
fication to observe the type of metal corrosion, e. g. , pitting or etching. Post-
test preparation of the metal specimens included a successive rinse in benzene
and acetone to remove oil. The individual specimens were benzene swabbed
using a series of cotton swabs until clean swabs were noted. The coupons
were finally rinsed in benzene and acetone, air dried, and weighed.

For one test series, an electrocldaning procedure was employed
following the normal specimen cleanup. The individual metals, except alu-
minum, were cathodically cleaned in a hot (170 to 190"F) caustic bath. The
bath contained an aqueous solution of 15 g/liter sodium hydroxide and 15 g/liter
trisodium phosphate. The coupons were cleaned as the cathode for a period of
15 to 30 seconds using a current density of 0. 5 amp/inch2 . After removal
from the bath, the specimens were rinsed in cold water and cotton swabbed to
remove loose deposits. The metals were weighed after a final rinse in ace-
tone. The aluminum specimens were soaked in concentrated nitric acid for
a period of 15 minutes, then rinsed and processed as described above.

Test glassware deposits and sludge were likewise recorded. After
test, the entire sample was filtered through a 200-mesh screen to observe
bulk sludge deposits. A 25-ml portion of the lubricant sample was then sub-
jected to a 1-hour centrifuging at a relative force of 840 g's in order to mea-
sure suspended sludge.

In general, all candidate lubricants were initially evaluated using non-.
reflux of effluent vapors. Mary of the oils were then run to determine the
effect of refluxing. All other test conditions, including air flow rate, were
the same for both cases, All determinations using condensate return were
conducted at 385°F.



SECTION III

TEST LUBRICANTS

A totAl of 46 lubricants and six lubricant mixtures were evaluated at
one or more of five sample teirperatures used in the test series. Table I
presents a listing of the lubricants employed in this program, along with ini-
tial viscosity and neutralization number data and available information on

lubricant type. Six of the test fluids are typical of the class defined by speci-

fication MIL-L-23699. The remaining oils are related to the lubricant type
described by MIL-L-7808.
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TABLE i. DESCRIPTTON OF TEST LUBRICANTS

Vis~c,:.ity, Cs NN,
Oil Cod(E }00*IF 10 rr , Description

0-60-8 l6.1 4.2 0. 18 MIL-L-7808 E
0-60-18 12.1 3,2 0.19 MIL-L-7808 E
0-61-11 15.7 4.1 0.39 MIL-L-7808 F
0-62-3 15.5 3.8 0.02 MIL-L-7808 E
0-62-4 15.0 3.9 0.11 MIL,-L-7808 E

0-62-6 17.8 4.7 0.24 MIL-L-7808 F
0-62-7 17.4 4.2 0,01 MIL-L-7808 D
0-62-13 16.0 4,2 0,25 MIL-L-7808 E

0-62-16 16.8 4,4 0.'2 MIL-L-7808 E
0-63-1 17.3 4.6 0.23 MIL-L-7808 D
0-63-2 16.3 4.3 0.22 MIL-L-7808 D
0-63-3 15.2 4J1 0.24 MIL-L-7808 D

0-63-7 12.8 3.4 0,10 MIL-L-7808 type

0-63-8 13.8 3.5 0,,15 MIL-L-7808 L
0-63-IZ 15.5 3.9 0.23 MIL-L-7808 type
0-63-13 16,9 4.4 0.05 MIL-L-7808 type
0-63-16 16.5 4.3 0.29 MIL-L-7808 E
0-64-2 27,5 S. 1 0.07 MIL-L-23699
0-64-12 )3.8 3.5 0.25 MIL-L-7808 F
0-64-13 28.4 5.3 0.28 MIL-L-23699 type

0-64-16 13,1 3.3 0.17 ML-L-7808 D
0-64-18 16.8 4.3 0.11 MIL-L-7808 type
0-64-21 1 5. i. i6 0,07 MIL-L-7808 type

0-64.-22 18.3 4, 1 0, 17 MIL-L-7•08 type
0-64-25 28.8 5.4 0.0 MIL-L-23699 type
0-64-26 12.8 3.1 0.33 MIL-L-7808 type
0-65-1 14.9 3,8 0.07 MIL-L-7808 type

0-65-2 13,3 3.1 0.64 MIL-L-7808 type

0-65-3 17,0 4,5 0.24 MIL- L-7808 type
0-65-4 Z7.9 5.3 0.15 MIL-L-23699 type

0-65-5 19.4 4.0 C. 15 MIL-L-7808 type

0-65-8 19, 1 4.1 0.01 MIL-L-7808 type
0-tý5-14 17.7 4,7 0,24 MIL-L-7808 type

0-65-15 27,2 5,0 0.02 MIL-L-23699 type

0-65-16 26. 7 5. 1 ,". z0 MIL-L-23699 type
0-65-18 17.6 4,6 0.21 MIL-L-7808 type
0-65-19 17.7 4.7 0.25 MIL-L-7808 type

0-6.-21 15.1 3.8 0.07 MIL-L-7808 type
0-65-23 12.6 3.2 0.20 MIL-L-7808 type
0-65-24 15.2 3.7 0.13 MIL-L-7808 type
0-65-27 15.2 4.0 0.26 MIL-L-7808 typt.
0-65-28 i1.9 3.3 0.30 MIL- L-7808 type

0-65-31 13,4 3. ý 0.08 MIL-L-7808 zype
65-L-114 13.5 3,5 0.10 MIL-L-7808 E

65-L-115 i4.3 3.6 0,09 MIL- L-- 7808 E
65-L-116 16.3 4.3 0.11 MIL -L-7808 E

1.003(a) i4.8 3.8 0.10 Blend of 65-L-114, -115, a'-d . 116
J-!067(a) 16.5 4,2 0,15 Blend of C,-62.3 and 0-62-h
J-10 t(a) .'8.4 r.1 0. 14 Blend of 0,,64-13 and 0-64-25
J-1oz0(a) 27.9 5.2 0.17 Blend of 0-t64.2 and 0-64-13

J-1021(a) 28.1 5.2 0.04 Blend of 0-6.'-2 and 0-64-Z5
j-Io025(a) 28.2 5.2 0.12 Blend of 0-64- 2, 0-64-i13, and 0-611 -25

ci) Blends consist of equal parts by voisanr'- of 11,e indicated congtitucnts,
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SECTION IV

TES1 RESULTS AND DISCUSSION

A. Effect of Test TemrErature

As a consequence of the large volume of data generated by this work,
the following discussions are generally confined to the use of data summaries.
Tables 10 tc 168 in the Appx;ndix present the detailed results of all determi-
nations. These tables are listed in numerical order by oil code and not
necessarily by the testing sequence.

Lubricant viscosity .ncrease was used in this program as the primary
criterion in determining lubricant performance. As a general rule, a 1001F
viscosity increase in excess of 100 percent was arbitrarily considered the
failing point. This rule was no* strictly applied, however, and was not
intended by any means to indricate official Air Force approval or disapproval.
One hundred percent lubricant viscosity increase was used herein chiefly as
a dividing line in categorizing fluid capability.

Table 2 summarizes viscosity increase data as affected by increasing
test temperature. Lubricant degradation generally followed the normal trend
with respect to increasing sample temperature., Viscosity indicated a gradual
rise with temperature up to the level of about 100 percent increase. At
temperatures beyond that for which a 100 percent viscosity increase was
obtained, sample deterioration abruptly accelerated. This observation
normally held true with respect to sample neutralization number as shown
in Table 3. A typical example of this trend is illustrated for lubricant
0-62-3 in Figure 2.

Using 100 percent viscosity increase as the measure of lubricant per-
formance, Table 2 shows that all lubricants evaluated at 3500F underwent
relatively mild degradation. Similarly, of the 16 lubricants tested at 375°F,
oniy 0-60-8 was unsatifactory. At the maximum temperature investigated,
400°F, severe deterioration, and in most cases gelation, of the lubricant
occurred at 48 hours. Sixteen lubricants were run at 400°F and four showed
a passing performance. Of these four, 0-63-8, 0-64-12, and 0-64-Z2 were
MIL-L-7808 type and 0-64-2 was MIL-L-23699 type. The remaining five
MIL-L-Z3699 lubricants were not examined at 4001F.

In view of the foregoing observations, it is apparent that the teat
temperature of most interest, i.e., which gives a reasonable separation
among the lubricants, lies within a rather narrow range between 375 and
400° F. Thus, as shown by Table 2, the bulk of the program was conducted
at 385 and 390"F. On the basis of sample viscosity, the follorwing data

classify the lubricant group with regard to temperature capability:

8
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FABLE SUMM•ARY OF OXIDATION-CORROSION TEST

VISCO•SITY INCREASE DATA

Cii I00"F Viscosity Increase, % at 48 hr, for Test at

Code 350"0 F 375eF 385*F 390"F 400*F

0,-60-8 40 145 390 482 Gelled(c)

0-60-18 i0 s5 25 3 Z(a) 38 (a,c)
0- Ul- 139 44. 103(a) 53a8 (c}

0-62-3 26 48 72 8 6 (a) 387 (a)

0-62-4 17 43 1 0 7 (a) 241 128 (c)

O-62-6 23 67 176((b) 17a, c) Gelled(C)

0-62-7 144

0-62-13 66 144 327 Gelled(c)

0-62-16 57 70 155(a, c) Gelled(c)

0-63-1 428

0-63-2 94

0-63-3 871(c)

0-63-7 67(c)

0-63-8 29 z0 24 38
0-63-1Z 62

0-63-13 26

0-63-16 170 320 Gelled(c)

0-64-2 15 19 22 28

0-64-12 13 14 16 23

0-64-13 17 24 26 185

0-64-16 5 28(a) 130c)

0-64-18 20 27 31 1140(c)

0-64-21 8
0-64-ZZ 10 12 16
0-64-25 11
0-64-26 109 127
0-65-1 532 2402
0-65-2 50 60
0-65-3 319
0-65-4 16 18

0-65-5 31 38
0-65-8 8 (a)
0-65-14 577
0-65-15 16
0-65-16 16
0-65-18 148
0-65-19 59
0-65-21 76
0-65-23 141
0-65-24 34
0-65-27 1768
0-65-28 12,650
0-65-31 59
65-L-114 27 52
65-L-115 16 22
65-L-116 17

Without condensate return

(a) Average of duplicate determinations.

(b) Average of triplicate determinations.

(c) Values are 40-hr results. In all cases whore data are shown for

40 hr, the sample indicated gelation at 48 hr.
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TA3I.,2, 3. SUMMAFt.Y OF OXIDATION-CORROSION TEST

ýELU'rRALIZATION NUMBER DATA

Oil 48-hr Neutraliration Number, mg KOH/g, for Test at

c33, 6 3 3751F 385°F 390"F 400'r

0-60-8 0.49 1.,0 1.67 1.68 25.4 (c)

0-60-18 0.42 0. 73 1.10 1 . 6 4 (a) I. 9 8 (a,c)

0-61-11 0.33 9.35 .2 8 (a) 1 6 9 (a) 1. 71(c)

0-62-3 0. 5Z 0.86 11. zi I. 4 1 (a) 0. 0 5 (a)

0-62-4 0.62 1.23 1.70(") 2.22 2 . 4 9 (c)

0-62-6 0.5P. 0.90 8 . 7 5 (b) 33.6 (a) 37.9 (c)

0-62-7 9.01

0-62-13 1. 03 1.54 3.17 25.2 (c)

0-62-16 0.99 13.96 31.3 (a) 40.1 (c)

0-63-1 18.93

0-63-Z 11.58

0-63-3 23.7

0-63-7 1. 39 (c)

0-63-8 0.55 0.50 0.63 0 . 9 1 (a)

0-63-12 0.91

0-63-13 1.65

0-63-16 1.14 6.73 30.3 (c)

0-64-2 0.31 0.38 0.36 0.47

0-64-12 0.96 1.27 1.36 2.24

0-64-13 0.07 0.10 0.09 5.73

0-64-16 1.57 1 2 . 6 8 (a) 49.6

0-64-18 1.10 1.69 3.19 34.8 (c)

0-64-21 0. 26

0-64-22 0.41 0.48 0.54

0-64-25 0.15

0-64-26 0.41 0.46

0-65-1 26.2 21.5

0-65-Z 0.09 0.07

0-65-3 2. 01

0-65-4 0.50 0.48
0-C5-5 0.30 0.31

0-65-8 0. 2 1(a)

0-65-14 28.9
0-65-15 0.45

0-65-16 0.54
0-65-18 1.85
0-65-19 1.29
0-65-21 1.25
0-65-23 0.84
0-65-24 0.64
0-65-27 3.48
0-65-28 21.80
0-65-31 0.65

65-L-14 3.83 1.19
65-L-115 0.43 0.49
65-L-116 0.98

Without condensate return.

(a) Average of duplicate determinations.

(b) Average of triplicate determinations.

(c) Values are 40-hr results.
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Test Temperature, "F
35_0 375 385 390 400

Number of [
lubricants tested 6 16 37 29 16

N-iumber of
lubricants passed 6 15 23 16 4

Several duplicate determinations were conducted using the nonreflux
test configuration in order to verify the repeatability of the procedure. These
results showed very good correspondence of all measured atas. The repeat-
ability of viscosity data was the primary concern in this study and, as illus-
trated by the analysis given in Table 4, the results showed ratLer good agree-
ment. Only one instance of poor repeatability of duplicate tests was observed.
Lubricant 0-62-3 when tested at 400"F gave a difference from the mean of

52 percent. This variation, however, is not considered significant in view
if the very high level of fluid degradation. The individual determinations in
this case were 590 and 184 percent viscosity increase at 100'F.

Metal specimen corrosion for this test series was observed in several
cases but was generally confined to the copper and magnesium metals. Signif-
icant metal corrosion as described here is defined as a specimen weight
loss of 0. 20 mg/cm2 , or more. Some lubricants, which will be identified
later, caused signficant specimen weight gains, i.e., an increase of 0. 20
rMg/cm 2 , or more. The latter phenomenon was not restricted to a particular
metal type but affected all specimens of the group at random.

Table 5 lists the lubricants and metals for which significant corrosion
was obtained in the nonreflux test series. Where no comment is noted for a
particular temperature in the table, no test was conducted for that lubricant-
temperature combination. As mentioned earlier, corrosion was generally
limited to the copper and magnesium metals. The sole exception was a
measurable weight loss for silver in the 0-61-11 test conducted at 390"F.
None of the lubricants evaluated at 350"F showed corrosion of any type. As
illustrated in Table 5, metal attack in the 375"F determinations was rela-
tively rare and was confined to copper only. It will be noted that, up to and
including the 385"F runs, copper was the only metal indicating attack. At
390 and 400*F, corrosion was more frequently noted for copper, along with
two cases of magnesium attack at 390"F and six cases at 400'F.

As discussed herein, metal specimen condition is separated according
to those instances of corrosion (weight loss) and those of deposition (weight
gain). In the latter case, it should be noted that a combination of corrosion and
deposition may prevail, i. e., metal weight loss might be obscured by the
presence of significant deposits which cause an overall weight gain.

12



TA3LLZ ,4, ICItATAEILITY OF OXIDATION-CO-1OSQON
TEST VISCOSITY RESULTS

011 No, of Test Mean 100*F Max Difference
Coad- Det'ns TemP, 0 F Vie Increase, % from Mean(a), ¾

60 1• 2 390 32 1
400 3 8 (b) 3

0-61 -1 385 103 15
Z 390 . 153 12

0-62-3 2 390 86 1
2 400 387 52

0-62-4 2 385 107 6
0-62-6 3385 122 6

2 390 76(b) i8

0-62-16 2 390 1 5 5 (b) 12

0-64-16 2 390 28 11

0-65-8 2 385 8 0

Without condensate return.

(a) Max difference from mean X l00/mean

(b) Values are 40-hr results.
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T.A3BL-tT 55 SCTDMCjNTT .METAL SPECIMEN CORROSION

Significant Metal Corrosion for Test at

Oil Code 3500F 375-F 385*F 390QF 400"1F

O-60-8 None None None Cu Cu, Mg

D- 6i- None None None Ag None

0-62-3 None None None Cu Cu, Mg

0-62-6 None None Cu Cu Cu, Mg

O-62-? Cu

0-62-13 None None None Cu

0 -62-6 None None Cu Cu, Mg

0-63-7 Cu, Mg

0-63-8 Cu Cu Cu, Mg Cu

0-63-12 Cu

0-63 -16 None None Mg

0-64-2 None None None Cu

0-64-13 • Cu Cu Cu

0-64-18 None None Cu Cu

0-64-21 Cu

0-64-22 None None Mg

0-64-Z6 Cu Cu

O-65-i Cu Cu

0-65-2 Cu Cu

0-65-4 Cu Cu
0-65-5 Cu Cu

65-L-115 Cu None

Significaint metal corrosion, as used here, is defined as a specimen weight

loss of 0. 40 mg/cm2 or more.

14



The occurrence coisigrificant metal specimen weight gain is described

hi Table 6. Agair, the phenomenon is seen to occur more frequently at the

higher test temperatures. Yn addition, it is apparent that no one metal type

was predominantly affected. All metals were susceptible to the deposition

effect. Those instances in which all specimens except copper showed signifi-

cant weight gains are probable illustrations of the effect mentioned previous]y

whereby metal corrosion (weight lois) was offset by the added deposit weight.

The use of-an electrocleaning, procedure was briefly investigated in

the assessment o0 metal specimen corrosion. The technique was employed

on one set of six lubricants evaluated at 385'F using nonreflux. After the

normal post-test cleanup, all specimens were processed with the electro-

cleaning method, The results indicated that specimen weight change was

essentially unaffected except for one instance using lubricant 0-64-26. These

data are listed here:

Weight Change, mg/cm2 "
Normal Electrocleaned

A] 0.0 -0.06

Ti 0.0 -0.02

Ag -0. 06 -0. 06
Steel 0. 0 -0. 02
CU -0. 28 -0,.36
Mg +0. 20 +0. 06

Although electrocleaning resulted in a slight weight loss for most metals, the

major change occurred with the magnesium specimen which underwent a net

weight loss of 0. 14 mg/cm2 . Out of a total of 36 specimens processed, this

was the only effect of significance. It should be stated, however. that none

of%4 metals used in this study showed visible evidence of carbonaceous

deposiz. .Had such deposits been present, it is expected that the effect of

el.ct'rocleaningw4",d have been more pronounced.

B. Effect of Condensate Return

Several of the submitted lubricants were investiga sing a con-

densate relturn glassware apparatus in order to- dete e te effect of
reflxinng of condensable effluent vapors. All ru th this prozedure were

conducted at 385-F with all other condition ged fro *m those te[st per-

formed with nonreflux. Attention is icularly called to the ýtest air flow

rate of 130 liters/hour which used in both reflux and nonreflux tests. As

a consequence of th vely high air flow used, condensation efficiency is

very low.-N s, only slight refluxing was actually obtaine ',hen using the

con nsate rt-*urn configuration. This fact is substan J id by oil loss data

which indiczte little or no difference in sample wei ghfloss between reflux

and nonreflux tests on the test fluids at 385*F.

15



TABLE 6. SIGNIFIGCAT METAL SPECIMEN DEPOSITS

oi
0L1 Significant Weight Gain for Test at

Gode 35 0F 385*F 3907F 400

0-69-8 None Steel None None None

o- 60 -I S-e st 1 -AM All All All
less Cu less Cu

0 61-11 None Ag, Cu, Ag, Cu Cu All less
Mg Ti, steel

0-6LZ-13 None None None Ti

O-64-2 K:one None None Steel

0-64-12 Mg All Al, Ti, All
less Cu Mg less Cu

0-64-16 None All Al, Ti,
Ag

0-65-27 
Mg

Significant weight gain, as used here, is defined as a specimen weight gain
of 0. 20 mg/cm2 c r more.

16
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Oxidation-corrosion test data are given in Table 7 on the effect of con-
densate return. Viscosity and neutralization number results are compared
for both test methods. A large majority of the lubricants examined in this
study were unaffected by the reflux procedure. However, some fluids showed
a marked effect, and the technique served both to improve or worsen per-
formance depending on oil type. Lubricants 0-62-4, 0-62-6, 0-65-18,
0-65-27, and 0-65-Z8 showed increased oxidative stability when run with the
re'lux procedure. The use of condensate return had a deleterious effect on
the performance of 0-62-16 and 0-65-21. For all lubricants mentioned, the
effect was consistently reflected by the sample properties of viscosity and
acidity. A seemingly unusual phenomenon, however, was indicated for
0-65-19. Viscosity data for this oil showed no effect for refluxing. Sample
neutralization number, however, gave almost an eightfold increase in the
reflux determination. This result is assumed to be a unique characteristic
of the lubricant.

It is interesting to note that of the six MIL-L-Z3699 type lubricants
included in this work none was affected by the reflux method. All of the
lubricants which were one way or another susceptible to vapor refluxing were
of the MIL-L-7808 type.

Metal specimen corrosion data in the reflux determinations were
generally unchanged from the results shown in nonreflux tests, but with two
exceptions. Lubricant 0-65-21, which gave no significant metal attack in
nonreflux oxidation-corrosion tests, showed weight losses of 0. 27 and 0. 73
mg/cm2 for copper and magnesium, respectively. The lubricant was of the
group which likewise showed increased deterioration of oil properties using
condensate return. Similarly, 0-65-28 indicated a copper weight loss of
-0. 40 mg/cm2 in the reflux test, but the metal was unaffected using the non-
reflux procedure.

C. Results on Lubricant Blends

At the direction of AFAPL, six lubricant blends were prepared and
evaluated in oxidation-corrosion tests under specified conditions. The blends
consisted of equal parts by volume of eelected lubricants previously examxined
in the program. Two of the mixtures, J-1003 and J-1007, were ccmposed of
MIL-L-7808 type lubricants while the other four were blends of MIL-L-23699
type lubricants (Table I).

Table 8 presents viscosity increase results on the oil mixturea. The
blends are grouped in the table with their respective constituent oils. In
general, no unusual effects were noted in this work. The 375*F test -esults
on J-1003 showed no deleterious effect attributable to any incompatibility of
the three constituents. In fact, viscosity data for the blend were very close
to the arithmetical average of results obtained with the individual oils. The
performance of J-1003 was further investigated by a test employing moist

17



TABLE 7. OXIDATION-CORROSION TEST RESULTS ON THE
EFFECT OF CONDENSATE RETURN AT 385°F

Oil 100'F Vis Increase, To at 48 hr 48-hr NN, 4n, KOH/ _
Cede Nonreflux Reflux Nonreflux Reflux

0-6 ,-3 72 71(a) 1.21 i O L(I )
0-62-4 107(a) 79 1. 70(a) 1. 14
0-62-6 1 2 2 (b) 54 (a) 8. 7 5 (b) 7.9r(a)
0-62-16 70 110 13.96 21.9
O-.63-16 170 153 1E14 1.17
0-64-2 19 18 0. 38 0. 31
0-64-13 24 Z ,3 0.10 0.04
0-64-ZZ 10 10 0.41 0.46
0-64-25 1 10 (a) 0.15 0 .1 5 (a)
0-64-26 109 106 0. 41 0. 47
0-65-1 532 639 26.2 29. z

O-65-2 50 0.09 0.06
0-65-3 3) 9 271 2.01 1. 83
0-65-4 16 15 0.50 0.45
0-65-5 31 32 0. 30 0.31
0-65-8 8 (a) 8 0. ZI(a) 0. 21

0-65-14 577 452 2C. 9 30. 7
'-.I>15 16 16 0.45 0.45

1- • -IS !6 16 0.54 0. 59

0 D-iL -l 148 129 1.85 !.C 8
0 - •5i9 59 48 1. 29 10.49

21 76 174 1.25 26,4
0-65-23 i41 148 0.84 0. 86
0-65-24 34 30 O 64 0, 62
0-65-27 1768 226 3. 48 Z. 27
0-6§-28 1Z, 650 6559 21.8 18,75
O-65-31 59 58 0.65 0.65

(a) A-vrage of duplicate determinations.

(b) Average of triplicate determinations.

18
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TABLE 8. VISCOSITY INCREASE DATA ON LUBRICANT
BLENDS AND BLEND CONSTITUENTS

100F Vis Increase, 76, for Test at

Oil 375" F, 385OF
Code Nonreflux Nonreflux Reflux

65-L-114
65-L-115 1.
55-L-116
J-i003 23
J-1003 al(a)

0-f6 -3 72 72(c)
0-62-6 122(b) 54(c)

J-1007 96 84(c)

0-64-13 24 23
0-64-25 11 I 0(c)

J-1011 7

0-64-2 18
0-64-13 23
J-1020 19

O-0'4-2 18
0-64-25 10(c)
J-i•21 14

0-64-2 18
0-64-13 23
0-64. Z5 1 0 (c)
J-1025 .15

(a) Test performed with water-saturated air.

(b) Average of tripi tate determinations.

(c) Average of duplicate determinations.
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air, rather than dry air as normally used.. The air was passed through a
diffuser stone submerged in distilled water prior to entering the test tube.
The results of this run, however, did not differ in a•ny aspect from those
obtained in the dry air test. The trend exhibited by J-1003 was characteristic
of all other blends except for J-1007. The nonreflux determination on this
mixture demonstrated the expected effect, i. e., blend performance was
rated between that of its coistituents. In contrast, the J-1007 run with

condensate return indicated a slight adverse effect, i. e., viscosity increase
indicated a leei of degradation more severe than that obtained for either of
the two constituents. This effect is not considered to be too significant, how-
ever, as the value obtained for the blend was well within the repeatability
variation of the constituent lubricant 0-62-3.

Neutralization number data are given in Table 9 for the tests per-
formed on the lubricant mixtures. These results confirmed the effects

demonstrated by viscosity with the exception of blend J-1007. The blend
acidity value, in both reflux and nonreflux tests, was very close to that for
the lower of the two constituents, viz., 0-62-3. In the case of the reflux
test, this effect is in direct contradiction with the deterioration profile shown
by viscosity data for J-1007.

Metal specimen data obtained in the blend experiments showed no
evidence of lubricant incompatibility with respect to metal attack. In other
words, none of the lubricant blends indicated metal corrosion which had not
been previously noted for one of the blend constituents. The results do, how-

ever, provide an indication of the predominating influence of the individual
lubricants. J-1003, for example, showed no evidence of metal corrosion at
375*F although one of its constitutents, 65-L-115, gave significant copper
corrosion. Similarly, J-1007 indicated no specimen attack with or without
refluxing, whereas 0-62-6 corroded copper. Significant metal corrosion for
the MIL-L-23699 blends is given here for the 385*F reflux determinations:

Constituent Oils Blended Oils
0-64-2 0-64-13 0-64-25 J-1011 J-1020 J-102! J-1025

CL. None Cu

None Cu None

None None None
None Cu None None

Lubricant 0-64-13 exhioited the predominating effect in the J-1011 blend since
both tests showed copper corrosion, although 0-64-25 Wd not when tested
singly. Similar performance was observed in the ncnreflux tests on these
fluids. When 0-64-13 was blended with 0-64-2, however, Lhe resultant mix-
tu e did not ,yive copper attack in the oxidation-crrr-'irn test. Further, an
equal-parL mixture (J-1025) of all three lubricants likewise showed no metal
corrosion.

20



TABLE 9. NEUTRALIZATION NUMBER DATA ON LUBRICANr
BLENDS AND BLEND CONSTITUENTS

48-hr NN, mg KOH/g, for Test at
Oil 375°F, 385 0 F

Code N 3nreflux Nonreflux Reflu,.

65-L-i14 0.83
65-L-115 0. ý3
65-L-116 0.98
J-1003 0.84
J-1003 0. A9(a)

0-62-3 1.21 1. 1 0 (c)
0-62-6 8& 7 5 (b) 7. 9 0 (c)
J-1007 1.47 1. 34(1i

0..64-13 0.10 0.04
0-64-25 0.15 0. 15(c)
J-1011 0.08 0.11

0-64-? 0.31
0-64-13 0.04
J-1020 0.15

0-64-2 .31
0-64-25 0. 1 5 (c)
J-1021 0.29

0-64-2 0. 31

0-64-13 0. 0-.,
0-64-25 0. 15(cl
J-1025 0.17

(a) Test perforr:.cd with water-saturated air.

(b) Average of triplicate determinations.

(c) Average of duplicate determinarions.
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SECTION V

CONCLUSIONS

Using a 48-hour nonreflux oxidation-corrosion test procedure, 46 test
lubricants were eva!uated at one or more temperatures within the range of
350 to 4000F. Relatively mild oxidative degradation occurred at 350 and
375*F. At 400°F, lubricant deterioration was very severe with only four out
of 16 of the lubricants tested giving satisfactory performance. Consequently,
the major testing effort was confined to the temperatures of 385 and 390*F.
The 385*F series indicated 23 satisfactory lubricants out of 37 examined. At
3900F, 16 lubricants passed from among a total of 29 tested.

Several duplicate determinations were made to verify the repeatability
of the test procedure. The agreement of data was good in all cases except at
very high levels of lubricant deterioration, where wide variability of data is
normally anticipated.

Metal specimen condition in the nonreflux determinations indicated
corrosion almost exclusively of copper and magnesium with several oils.
The severity and frequency of attack increased with increasing test tempera-
ture. Similarly, the occurrence of specimen deposits was more frequently
noted at the higher temperatures investigated. In the latter case, however,
all metal types were susceptible to deposit formation. A cursory study to
evaluate the applicability of a specimen electrocleaning technique showed
essentially no difference for metal weight data. It is felt that a more signi-
ficant effect would have been obtained on specimens which sustained visible
deposits.

Results on the effect of condensate return at 385"F revealed that a
large majority of the 19 lubricants tested were unaffected. Lubricants
0-62-4 and 0-62-6, however, showed improved performance in reflux tests,
whereas 0-62-16 and 0-65-21 were less stable. Lubricant 0-65-19 indicated
no change in viscosity data between the reflux and nonreflux runs, but gave a
substantially higher neutralization number in the reflux determination. None
of the MIL-L-23699 type fluids was affected by vapor refluxing.

Six lubricant blends incorporating various combinations of eight
individual lubricants were examined in this work. Oxidation-corrosion test
"results indicated no significant incompatibility of lubricant constituents. Blend
J-1007 (mixture of 0-62-3 and 0-62-6) in a vapor reflux test indicated a
slight adverse effect in that the deterioration, as noted by viscosity increase,
was more severe than that of either of Its- sotitut,--, ... c...... t4", thce
is not considered to be conclusive since the value obtained for the blend was
within the repeatability range of the constituent lubricant 0-62-3. Sample
neutralization number of this blend followed tl-at of 0-62-3, the lower acidity
value of the two constituents.
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APPENDIX

DETAILED OXIDATION-CORROSION TEST DATA
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